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A method of cultivating bacteria having genes in plasmids which code for surface or membrane bound antigens or other proteins and 
which are expressed in a temperature regulated maimer for the production of desired bacterial products, is disclosed. The bacteria are first 
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occurs, e.g. 20 "C, and then in a culmre medium und^ such temperatuxe conditions that expression occurs and befc»e the bacteria lose 
their plasmids they are harvested, and the desired product is isolated. 
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A method of cultivating Bacteria producing proteins 
that are expressed in a temperature regulated manner 




The present invention relates to a method of cultivating bacteria. More precisely, the 
method is concerned with cultivating bacteria having genes in plasmids which code 
for surface or membrane bound antigens or other proteins and which are expressed 
in a temperature regulated manner for the production of desired bacterial products. 

10 

Background 

Bacteria and viruses often express on or within their membrane, proteins which in a 
certain environment function as a support for the organism to associate in a specific 

15 way or adhere to a surface. Such a surface may be the inner wall of the gastro- 
intestinal tract, the oesophagus or any other biological surface or membrane in a 
human or animal body, where an organism may find an optimal environment for 
growth. Membrane proteins of this kind are often named colonization-factor-antigens 
(CFA) or fimbriae. In the literature, other words such as pili, hemagglutinins, 

20 filamentous or fibrillar proteins are used for the same kind of substances. For 
convenience, "CFA" will be used herein to cover all these kinds of membrane 
proteins which also may have an antigenic character. 

A number of bacteria which are of medical interest have been shown to produce 
25 CFAs associated with their membrane. Among these, the ones which are most 
important for humans, are organisms which colonize the human gastro-intestinal 
tract and the respiratory ainways. Examples of organisms which colonize the gastro- 
intestinal tract are enterotoxigenic Escherichia coli , Vibrio cholerae , Helicobacter 
pylori, Campylobacter . Shiaellae . Salmonellae and Yersinia . 

30 

Of particular medical interest is the enterotoxigenic Escherichia coli (ETEC), since it 
is one of the major causes of diarrhea among children in the developing countries 
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and accounts for more than 1 billion diantiea episodes and at least one nnillion 
deaths per year, primarily among children. In the same way, Vibrio cholerae and 
C9mpylQb9gter cause dianliea among people in the developing countries. ETEC 
and Cempylobggtgr are also the major cause of dian+iea among travellers to these 
5 regions. Helicobacter pylori has recently become important due to its connection with 
stomach ulcers. 

For most of these organisms the production of their CPAs is controlled by various 
factors in the environment, which in tum may activate regulatory genes in the 
10 plasmid DNA. 

Thus, for a bacterium which has its natural growth environment in the human 
intestine it is advantageous to optimize its growth and possibility of survival to 
conditions in the intestine. In other words, there is an optimal strategy of survival 
15 which implies the production of adhesive proteins in the environment where there 
are suitable conditions for survival. 

As is known from the literature, one such parameter that activates regulatory plasmid 
genes is the temperature, implying that the production of CFAs in a number of 
20 bacteria is temperature regulated. Several human pathogenic organisms have been 
shown to produce CFAs at temperatures above room temperature only, and not at 
room temperature. Some of these organisms are of specific commercial interest, 
since it has been shown that it is possible to produce oral vaccines against these 
organisms or bacteria. 

25 

In WO 92/14487 a method for production and use of an oral ETEC vaccine is 
disclosed. The ETEC bacteria are grown at 37°C from agar plates to liquid medium 
in order to obtain commercial quantities of the ETEC bacteria with CFAs and their 
sub-components (CS-antigens). These subsequently fomialin killed bacteria may 
30 then be used as an oral vaccine against the ETEC bacteria. The CFA and CS 

antigens will thus function as antigens in the immunological processing that will take 
place in the intestine. 
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In the scaling up of the production of ETEC bacteria having CPAs it was surprisingly 
found that the bacteria lost their ability to produce CPAs more and more for each 
new generation. In the studying of the reason for this, it was noticed that the loss of 
5 the ability of the bacteria to produce CPAs at temperatures above room temperature 
was accompanied by a loss of the regulatory gene localized in a plasmid in the 
bacteria. 

Description of the invention 

10 

The present invention is directed to a method of cultivating bacteria having genes in 
plasmids which code for surface or membrane bound antigens or other proteins and 
which are expressed in a temperature regulated manner for the production of desired 
bacterial products, wherein 
15 said bacteria are first cultivated in a culture medium to an inoculum under such 
temperature conditions that the bacteria retain their plasmids and no expression 
occures, and then 

said inoculum is further cultivated in a culture medium under such temperature 
conditions that expression occures and before the bacteria lose their plasmids they 
20 are harvested, and after that 
the desired product is isolated. 

Examples of genes in plasmids which code for other proteins and which are 
expressed in a temperature regulated manner for the production of desired bacterial 
25 products are recombinant genes in plasmids which retain their temperature 
regulated expression and produce desired protein products. 

In a preferred embodiment, the first cultivation to an inoculum is conducted at room 
temperature and the further cultivation is conducted at the body temperature of a 
30 mammal. 
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In another prefen^ed embodiment the room temperature is approximately 20"C and 
the body temperature of a mammal is 34 - 39^*0. 

In yet another preferred embodiment, the first cultivation to an inoculum is conducted 
in two steps, first on a culture plate and then in a liquid culture medium. 

In still another preferred embodiment of the invention, the further cultivation is 
conducted in a liquid culture medium. 

These preferred embodiments of the invention make it possible to cultivate bacteria 
having genes in plasmids which code for surface or membrane bound antigens or 
other proteins and which are expressed in a temperature regulated manner in large 
scale industrial fermentors for large scale production of desired bacterial products. 

In an embodiment of the invention the cultivated bacteria are Escherichia cnii 
expressing at least one type of colonization factor antigens selected from the 
group consisting of CFA/I, CS1. CS2. CSS, CS4, CSS and CS6. 

In such cultivation, the desired bacterial product may either be the E. coli carrying at 
least one of the colonization factor antigens CFA/I, CS1. CS2, CSS. CS4. CSS and 
CSe or such colonization factor antigens isolated from the bacteria. 

Short description of the drawing 

Fig 1 illustrates cultivation of an ETEC-strain expressing CS2 + CSS antigens at 
20X. 20" + and 37X. 

Examples 

In the following examples CFA medium has been used as culture medium. The 
composition of the liquid CFA medium is as follows: Casamino Acids 1% (w/v). Yeast 
extract 0.078% (w/v). MgS04 0.4 mM. MnClj 0.04 mM. H2O deionized. pH 7.4. As 
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culture plates, CFA agar plates have been used. These include CFA medium with 20 
g/liter of agar added. 

Example 1, 

5 

An ETEC strain expressing CS2+CS3 antigens was taken from -70"C and evaluated 
regarding expression of the membrane components as follows. 

CFA agar plates were inoculated with the strain CS2+CS3 and incubated at 20"C or 
10 37**C for 24 hours. The bacteria were harvested from the plates and samples 

containing 40 x 10® bacteria each were further inoculated in a 800 ml (CFA medium) 
shake culture at 20X or 37"C for another 24 hours. At 70 hours a sample of 4.5 ml 
was taken from the 20X culture and was further cultivated at 37X in a 800 ml shake 
culture (CFA medium). At various intervals the expression of CS2 was analyzed with 
15 an ELISA technque using a monoclonal antibody which has been shown to have 
specificity for the CS2 antigen. All ELISA results have been adjusted to standardized 
amount of bacteria as measured by their optical density. The results as measured in 
ELISA-arbitrary units are presented in the Table 1. 

20 Table 1 



Time (hours) 


ELISA units 
at20X 


ELISA units 
at20X + 37'C 


ELISA units 
at 37"'C 


0 


8 


8 


8 


24 


8 


8 


643 


48 


8 


8 


762 


54 


8 


8 


897 


70 


25 


25 


1127 


74 


58 


361 


814 


79 


64 


736 


537 


96 


85 


850 


214 
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The data in Table 1 are also Illustrated in Fig. 1. 
Example 2. 

Under the same conditions as in Example 1, ETEC bacteria with CS4 antigen were 
grown in liquid CFA medium. After the sampling at 31 hours, the temperature was 
raised to 37X. 

The results as measured in ELISA-arbitrary units can be seen in Table 2. 



Tgbte 2 



Time (hours) 


ELISA units 


ELISA units 




at 20°C 


at20'C + 37»C 


0 


0 


0 


24 


0 


0 


26 


0 


0 


29 


0 


0 


31 


0 


0 


48 


0 


8 


52 


1 


9 


54 


1 


10 



Example 3. 

Under the same conditions as in Example 1. ETEC bacteria with CSS antigen were 
grown in liquid CFA medium. After the sampling at 31 hours, the temperature was 
raised to 37**C. 

The result as measured in ELISA-arbitrary units can be seen in Table 3. 
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Table 3 



Time (hours) 


ELISA units 


ELISA units 




at20"*C 


at20°C + ZT'C 


0 


0 


0 


24 


0 


0 


26 


0 


0 


29 


0 


0 


31 


0 


0 


48 


1 


5 


52 


1 


8 


54 


1 


8 



5 

Exgmpte 4. 

A culture of ETEC bacteria expressing the antigen CS1 was grown overnight in liquid 
CFA medium on a shaker at 37"C. Colonies were plated on CFA agar and incubated 
10 at ZTC ovemight. The following day, colonies expressing CS1 fimbriae were 

detected by a colony blot method using a CS1 specific mouse monoclonal antibody 
as second antibody. Immunoblots were developed by a nitro blue tetrasodium salt 
stain. Individual CS1 fimbriae positive and negative colonies were picked and 
cultivated, spread on CFA agar plates as described above. 

15 

This time each plate was probed with one filter for the CS1 specific monoclonal 
antibody as described above and also with one filter that was used for colony 
hybridization with one of two radioactivity labelled (32P) probes. One probe specific 
for the structural gene of CS1 (cooA) and one probe specific for the regulatory RNS 
20 protein (ms). 

Positive colonies: All colonies scored positive with the antibody assay were also 
scored positive with the ms probe and CS1 probe. 
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Negative colonies: No colonies scored negative with antibody had any reaction with 
the ms probe, a few negative colonies had lost also their reactivity wrth the CS1 
probe but most of them had retained their CS1 stiuctural genes. 

In conclusion, tfiere is a concomitant loss of CS1 antibody reactivity (expression of 
CS1 fimbriae) and loss of reactivity with the ms probe (loss of the plasmid encoding 
the ms gene). 
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CLAIMS 

5 

1. A method of cultivating bacteria having genes in plasmids which code for surface 
or membrane bound antigens or other proteins and which are expressed in a 
temperature regulated manner for the production of desired bacterial products, 

10 characterized in that 

said bacteria are first cultivated in a culture medium to an inoculum under such 
temperature conditions that the bacteria retain their plasmids and no expression 
occures, and then 

15 

said inoculum is further cultivated in a culture medium under such temperature 
conditions that expression occures and before the bacteria lose their plasmids they 
are harvested, and after that 

20 the desired product is isolated, 

2. The method according to daim 1, wherein said first cultivation to an inoculum is 
conducted at room temperature and said further cultivation is conducted at the body 
temperature of a mammal. 

25 

3. The method according to claim 2, wherein said room temperature is approximately 
20**C and said body temperature of a mammal is 34 - 39**C. 

4. The method according to any one of the claims 1-3. wherein the first cultivation 
30 to an inoculum is conducted in two steps, first on a culture plate and then in a liquid 

culture medium. 
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5. The method according to any one of the claims 1-4, wherein the further cultivation 
is conducted in a liquid culture medium. 

6. A method according to any one of claims 1-6, wherein the bacteria are Escherichia 
5 coli expressing at least one type of colonization factor antigens selected from the 

group consisting of CFA/I, CS1, CS2, CS3. CS4, CSS and CS6. 

7. The method according to claim 6, wherein the desired bacterial product is E. coli 
carrying at least one type of colonization factor antigens selected from the group 

10 consisting of CFA/I. CS1 , CS2, CS3, CS4. CS5 and CS6. 

8. The method according to claim 6. wherein the desired bacterial product is at least 
one of the colonization factor antigens selected from the group consisting of CFA/I. 
CS1, CS2, CS3. CS4, CSS and CS6. 



1 



INTERNATIONAL SEARCH REPORT 


IntenuUional application No. 

Pa/SE 95/00628 


A. CLASSIFICATION OF SUBJECT MATTER 


IPC6: C12N 15/00. C12N 1/21, C12N 15/70 

According to International Patent Classification (IPC) or to both national classification an 


d IPC 


B. FIELDS SEARCHED 


Minimum documentation searched (dassification system followed by cUssiTication symbols) 


IPC6: C12N 





Documentation searched other than minimum documentation lo the extent thai such documents are inchided in the fields searched 



SE, OK, FX, NO classes as above 

Electronic data base consulted during the international search (name of dau base and, where practicable, narch terms used) 



BIOSIS. MEDLINE. EPODDC> WPI DERWENT BIOTECHNOLOGY ABSTRACTS 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category^ 



Citation of document* with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



EP 0467676 A2 (APPLIED IMMUNESCIENCES, INC.). 
22 January 1992 (22.01.92), page 2, 
line 35 - line 44; page 4, line 34 - line 39 

page 12, line 45 - line 50, claim 7 



WO 9214487 Al (TOLMGREN, JAN ET AL), 3 Sept 1992 
(03.09.92), the whole document 



see especially exanple 1 



EP 0279665 A2 (MITSUI TOATSU CHBilCALS INC.), 

24 August 1988 (24.08.88), the whole document 

especially page 2, line 23 - line 52 



1-5 
6-8 

1- 5 
6-8 

1 

2- 8 



~] Fiirther documents are listed in the continuation of Box C | )( [ See patent family annex. 



» Special cal^oties of ctted dommrmr 

'A' document defining the general state ortfae art which is not cooridcnd 

to be or particular rdewce 
"B" eriier documeni but piiNinhrd an or after the tnlematianal filing date 

'L' rtfyiimmt n^iich may throw <loubti on priority daio)(s) or which i$ 
dud 10 establisfa die pufalicatioa dale oT aootbcr dtatioa or other 
special reason (as sp^fiecQ 

O' rtnnimmr refating to an oral disdosnre. use« cadiibitiaa or other 



docamem puNi^hrcl prior to the tntemational filing date but later than 
the priority date daimcd 



^ later rtnnimmr published alter the international filing date or prioriiy 
date and not in amflict with the application but dted to understand 
the princ^ile or theory underlying the invmtioa 

*X' documcntofparticnlar relevance: the daimed tnvoition cacmot be 
conaidcred novel or cannot be considered lo involve an iovemive 
step wtwQ the document is taken ^one 

document of particular retevancc the cUtmedinvcniian cannot be 
co n sid ere d to involve an inventive step when the document is 
combined with one or more odicr lucfa documents, such mmhinatioo 
being obvious to a person skilled in die art 

"A" documentmmibcrof the same patent family 



Date of the actual completion of the intismational search 

11 Sent 1995 


Dale of mailing of the international search report 

2 1 .09 .95 


Name and mailing address of the ISA/ 
Swedish Patent Office 
Box 5055. S-102 42 STOCKHOLM 
Facsimile No. +46 8 666 02 86 


Authorized officer 

Patrick Andersson 

Telephone No. + 46 8 782 2S 00 



Form PCr/ISA/210 (second sheet) (July 1992) 



INTERNATIONAL SEARCH REPORT 
Information on patent famtiy members 


28/08/95 


International application No. 

PCT/SE 95/00628 


1 Patent document 1 PubBcation 
1 dted in search report date 


Patent family 
member(s) 


Publication 
dale 



EP-A2- 0467676 



22/01/92 



WO-Al- 9214487 



03/09/92 



EP-A2- 0279665 



24/08/88 



. JP-A- 


5219963 


31/08/93 


AU-A- 


1330892 


15/09/92 


BG-A- 


98070 


30/06/94 


BR-A- 


9205677 


17/05/94 


CA-A- 


2104877 


27/08/92 


CZ-A- 


9301742 


13/04/94 


EP-A- 


0573527 




HU-A- 


67198 


28/02/95 


JP-T- 


6505730 


30/06/94 


OA-A- 


9865 


15/08/94 


US-A- 


5368119 


29/11/94 


CA-A- 


1320922 


03/08/93 


DE-A- 


3877012 


11/02/93 


ES-T— 


2043805 


01/01/94 


JP-A- 


63202386 


22/08/88 


US-A- 


5043277 


27/08/91 


US-A- 


5322786 


21/06/94 


JP-A- 


63317088 


26/12/88 



Form PCr/ISA/210 (patent family annex) (July 1992) 



